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Stability of α-amylase    
                                       Energy necessary for denaturation 
Psychrophile 
Thermophile 
Enzyme from psychrophile: unstable at low temperatures! 
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Psychrophile 
Pseudoalteromonas haloplanktis 
Mesophile 
Bacillus amyloliquefaciens 
Higher kcat at low temperatures 
 (Georlette et al., 2004, FEMS Microbiol. Rev., 28: 25-42 
T > 30 °C inactivation or denaturation? 
Activity as a function of temperature: α-amylases 
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Activity 
Denaturation 
P     M       T                 P     M     T 
Active site very sensitive to temperature 
α-amylases 
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PGK 
Pseudomonas sp. TACII18 
Chitobiase 
Arthrobacter sp. TAD20 
Active site 
Active site 
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ΔG* = RT ln 0.2083•1011 + ln T − ln kcat( ) = RT (23.73 + ln T − ln kcat )
R = 1.987 Cal/Mol°K 
R = 8.314  J/Mol°K 
kB = 1.380510-23 J/°K 
h = 6.625610-34 Js 
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At 25 °C: kcat = 1000(100) s-1, ΔG* = 11.9(13.1) kcal/Mol 
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Determination of Activation energy: kcat as a function of T 
Ea = 13.3 kcal/
Mol 
  
€ 
lnkcat = lnA− EaRT
lnkcat = y       1T = x     y = a - b• x
a =  lnA      b = EaR
kcat of Bacillus amyloliquefaciens 
α-amylase as a function of 1/T 
T from 20 to 50 °C 
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Enzyme	  
T	  
(°C)	  
kcat	  	  
(s-­1)	  
ΔG*	  	  
(kJ/Mol)	  
ΔH*	  	  
(kJ/Mol)	  
TΔS*	  
(kJ/Mol)	  
ΔΔG*	   ΔΔH*	   ΔΔS*	  
Amylase	   Psychro	   15	   495.2	   55.6	   73.6	   +18.0	   -­‐4.1	   -­‐26.0	   -­‐21.9	  Meso	   90.5	   59.7	   99.6	   +39.9	  Chitinase	   Psychro	   15	   1.7	   69.2	   60.2	   -­‐9.0	   +2.0	   -­‐14.1	   -­‐16.1	  Meso	   3.9	   67.2	   74.3	   +7.1	  Chitobiase	   Psychro	   15	   98.0	   59.5	   44.7	   -­‐14.8	   -­‐4.0	   -­‐26.8	   -­‐22.8	  Meso	   18.0	   63.5	   71.5	   +8.0	  G6P-­‐DH	   Psychro	   0	   106.5	   56.1	   36.8	   -­‐19.3	   -­‐2.1	   -­‐15.1	   -­‐13.0	  Meso	   42.4	   58.2	   51.9	   -­‐6.3	  GLU-­‐DH	   Psychro	   5	   3.8	   64.8	   33.4	   -­‐31.4	   -­‐3.3	   -­‐25.6	   -­‐22.3	  Meso	   0.9	   68.1	   59.0	   -­‐9.1	  Subtilisin	   Psychro	   15	   25.4	   62.7	   36.0	   -­‐26.7	   -­‐3.7	   -­‐10.0	   -­‐6.3	  Meso	   5.4	   66.4	   46.0	   -­‐20.4	  Xylanase	   Psychro	   5	   14.8	   61.7	   45.4	   -­‐16.3	   -­‐2.6	   -­‐4.5	   -­‐1.9	  Meso	   4.9	   64.3	   49.9	   -­‐14.4	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LDH from nototheniods fishes (antarctic icefish) 
Parachaenichthys charcoti 
Lepidonotothen nudifrons 
Champsocephalus gunnari 
Harpagifer antarcticus 
Patagonotothen tessellata 
Eleginops maclovinus 
Average body T: 0 °C 
Average body T: 6 °C 
Comparison of catalytic constants (Km, kcat) with those of LDH from: 
•  other fishes 
•  cow, chicken, turkey, desert iguana 
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Notothenioids from antarctica (Tb 0°C) 
Notothenioids from south America (Tb 6°C) 
1-4: antarctic species. 5-7: south american species 
8: Halibut, 9,11,14: Barracudas, 10: Dogfish,   
12: Goby,  13: Tuna,  15: Cow,  16: Chicken, 
17: Turkey,  18: desert  Iguana 
Psychro LDHs: higher Km, higher kcat at 0 °C 
Pyruvate	  +	  β-­‐NADH+	  H+	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Lactate	  +	  β-­‐NAD+	  
Fields & Somero, 1998, PNAS, 95: 11476-11481 
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MATLKDKLIGHLATSQEPRSYNKITVVGVGAVGMACAISILMKDLADEVALVDVMEDKLK	  GEMMDLQHGSLFLHTAKIVSGKDYSVSAGSKLVVITAGARQQEGESRLNLVQRNVNIFKFI	  IPDIVKHSPDCIILVVSNPVDVLTYVAWKLSGLPMHRIIGSGCNLDSARFRYLMGERLGVHS	  CSCHGWVIGEHGDSVPSVWSGMNVASIKLHPLDGTDKDKQDWKKLHKDVVDSAYEVIKLKGYTSWAIGLSVADLAETIMKNLCRVHPVSTMVKDFYGIKDNVFLSLPCVLNDHGISNIVKMKLKPNEEQQLQKSATTLWDIQKDLKF	  
DogWish	  (Squalus	  acanthius)	  Lactate	  Dehydrogenase	  (LDH),	  6LDH	  Homotetramer,	  36.7	  kDa	  (monomer),	  pI	  7.18	  	  
	  α-­Helix	  	  	  	  β-­Strand	  	  	  	  	  Loops	  &	  Turns	  	  	  	  	  	  	  AGARQQEGE:	  open	  or	  closed	  conformation	  
Dogfish average body temperature: 20 °C 
PSYCHROZYMES 
αH 
Pro308Ala 
Loop-αD/E 
Dogfish LDH 
αH: major mover 
Green: apo. Magenta: holo 
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α1G 
βJ 
Loop-αD/E 
3 Substitutions in the βJ-loop region 
(dogfish to notothenioids): 
K211G (βJ), K220G (loop) K222G (loop)  
Green: apo. Magenta: holo 
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Pseudoalteromonas haloplanktis 
α-amylase 
Tm = 44 °C 
Tm of porcine enzyme = 62-66 °C 
                α/β Barrel        Greek Key 
Catalytic triad: 
•  D174, E200, D264 (P. haloplanktis) 
•  D197, E233, D300 (porcine)  
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D264 D174 
E200 
The active site is located at the C-ter of β-strands 
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•  Alignment of  P. haloplanktis and porcine α-amylase primary structures 
•  Interactions present in the porcine enzyme introduced in PHA-amylase Enzyme	   Interaction kcat (s-1) Km (µM) kcat/Km 
wt	   -­	   697	   234	   2.98	  
K300R	   H-­bond	   326	   141	   2.31	  
N150D	   -­/+	  (K190)	   682	   241	   2.83	  
V196F	   Aromatic	   752	   223	   3.37	  
Q164I	   Hydrophobic	   514	   118	   4.36	  
T232V	   Hydrophobic	   735	   164	   4.48	  
N288V	   Hydrophobic	   350	   139	   2.52	  
M379V	   Hydrophobic	   633	   159	   3.98	  
R64E	   Dipole	   719	   220	   3.27	  
L219R	   N-­Aromatic	   469	   144	   3.26	  
N12R	   +/-­	  (D15)	   670	   178	   3.76	  
E279W	   Aromatic	   744	   201	   3.70	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The mutations (blue) are not contiguous to the active site 
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Psycrophile 
Mesophile 
•  Porcine enzyme: kcat 291 s-1 (25 °C); Km 65 µM; Tm 62-66 °C 
•  Bacterial enzyme: kcat 697 s-1 (25 °C); Km 234 µM; Tm 44 °C 
Increase in kcat (porcine to bacterial) correlates with an increase in Km 
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[S] >> [E]: reaction velocity determined by kcat 
[S]  ≅  [E]: reaction velocity determined by kcat and Km 
Increase of kcat and decrease of Km: 
Phosphoglyceratekinase, Pseudomonas sp. TACII18 
β-galactosidase, P. haloplanktis 
Chitobiase, Arthrobacter sp. TAD20 
EVERY RULE… 
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Glycine, proline, disulide bridges: entropy of unfolding 
Intramolecular interactions 
Electrostatic, hydrophobic 
Native states: 
Different distributions 
Thermolabile and flexible enzymes 
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Subtilisin SSII (Bacillus sphaericus, tropical environment) 
77.4 % identity with subtilisin S41 (Bacillus TA41, psychrophile) 
SSII 310 residues, 19 aspartates     S41 309 residues, 22 aspartates 
SSII active at low temperatures? 
Strategy: mutagenic PCR, STEP.   
Screening:   isolation of Bacillus subtilis transformants, 
liquid culture (37 °C) in microwells, centrifugation,  
determination of activity at 10 °C (supernatants).  
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Activity at 10 °C Isolated clones 
I246L absent in P3C9 
T253A present in P3C9 
Recombination did not occur? 
Stability of P7E1? 
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Denaturation at 70 °C 
Treatment at 70 °C 
Activity at 37 °C 
Decay: 
first-order 
Does stability of P3C9 depend on Calcium? 
WT 
P7E1 
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Does P3C9 (half-life shorter than wild-type) feature lower affinity for Ca2+? 
Activity as a function of temperature? 
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Ratio of P3C9 to WT activity f(T) 
Catalytic constants 
Activity of P3C9 is always higher than WT activity 
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Mutations detected (all clones) 
T253A near the active site 
Is a hydrogen bond lost? 
S110F lower Km? (P7C10) 
D98N opposite to active site 
K11R increase of kcat? (P7E1) 
Possible increase of enzyme flexibility 
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